We aimed to 1) describe the peripartum management of type 1 diabetes at an Australian teaching hospital and 2) discuss factors influencing the apparent transient insulin independence postpartum.
In women with type 1 diabetes, glycemic control at conception, during pregnancy, and at delivery correlates with maternal and fetal outcome. Consequently, treating practitioners aim for strict glycemic control prepregnancy and during gestation. A less stringent approach is often adopted postpartum.
Pregnancy is a state of insulin resistance, with a major contribution from placental hormones. Loss of the fetoplacental unit at delivery increases insulin sensitivity. Anecdotally, women may not require insulin for hours to days after delivery. The prevalence and duration of this phenomenon is poorly documented and the underlying mechanisms are unknown. Similarly, women who do require insulin in the early postpartum period commonly require reduced insulin doses. There is also an increased risk of hypoglycemia postpartum once insulin is reintroduced. This risk is thought to be exaggerated in women who breastfeed. Further, there are many and varied approaches to the reintroduction and/ or titration of insulin postpartum.
The aims of this study were 1) to describe the peripartum management of type 1 diabetes at our institution and 2) to discuss the factors associated with the duration of apparent transient insulin independence postpartum.
RESEARCH DESIGN AND METHODS
We performed a retrospective chart review of women with type 1 diabetes who delivered at our institution from 2005 to 2010. Women were identified using a pre-existing database. Inclusion criteria were 1) a clinical diagnosis of type 1 diabetes prepregnancy, 2) delivery and peripartum management occurring at our institution, and 3) first available pregnancy. Exclusion criteria were 1) a clinical diagnosis of type 2 diabetes or gestational diabetes and 2) multiple pregnancies. Women on a continuous subcutaneous insulin infusion (CSII) were included.
Data were collected using chart abstraction. Information included patient demographics, medical and diabetic history, peripartum glycemic management, pregnancy complications, fetal outcome, and breast-feeding. The timing, route of administration, and form of insulin and the blood glucose levels (BGLs) in the peripartum period were recorded. Blood ketones are not routinely recorded in women peri-or postpartum at our institution.
Data were available for 52 singleton pregnancies in 36 women. Eleven women had two pregnancies, and two women had three pregnancies. For statistical analyses, only the first available pregnancy was considered for women who had more than one singleton pregnancy during the study period. Statistical analyses were performed with the inclusion and exclusion of women on CSII (given the small numbers treated with this modality). The results remained unchanged, and, therefore, women on a CSII have been included in the analysis presented. Comparisons between women on CSII and multiple daily injections (MDI) and between types of infant feeding (breast-feeding compared with artificial feeding) were not performed due to the small numbers of women in each group.
The study received approval from the human research and ethics committee at our institution (HREC/12/QRBW/333).
Statistics
Statistical analysis was performed with SPSS 21.0 for Windows (SPSS, Inc., Chicago, IL). Comparisons were undertaken using two-tailed Fisher exact or x 2 tests for categorical variables and independent Student t tests for continuous variables. Data are shown as absolute number and percentages for categorical variables, and mean and SD for continuous variables. Normality was analyzed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Where necessary, data were transformed using logarithmic transformation. Where applicable, ranges and median values are also presented. Univariate regression analyses were performed with time to first dose of insulin in the postpartum period as the dependent variable.
A two-tailed P value of ,0.05 was considered statistically significant. There was no published literature regarding insulin recommencement postpartum to enable a sample size to be calculated. However, we had previously conducted an audit that demonstrated a mean time of 5.5 h (SD 6.7) to insulin recommencement postpartum. To detect a difference in time to first BGL .8.0 mmol/L postpartum between women with an early (,4 h) and late (.12 h) requirement for insulin postpartum, with a power of 80% and a type 1 error of 0.05, at least 24 patients were required.
RESULTS
The prepregnancy characteristics of the cohort are shown in Table 1 . The peripartum management of women with more than one singleton pregnancy is shown in Supplementary Table 1.
Insulin Treatment
In early pregnancy, three women were treated with a CSII, three with twicedaily premixed insulin, and the remainder with a basal/bolus regimen. The three women on premixed insulin were changed to basal/bolus regimens. The small numbers of women managed with a CSII precluded comparative analysis with women on MDI. Changes in the insulin treatment prepregnancy and at term are presented in Supplementary Table 2 .
Pregnancy and Delivery Characteristics
The delivery and pregnancy outcome characteristics are shown in Table 1 . There were no differences in outcomes between women with an early (,4 h) and late (.12 h) requirement for insulin postpartum. The average length of gestation of women receiving betamethasone (n = 11) was 35 weeks and 0 days, compared with 36 weeks and 4 days for the entire cohort. Of the 11 vaginal deliveries, 4 were spontaneous and 7 induced. Twentyfive women (69%) required a caesarean section: 3 elective and 22 emergency procedures (9 for maternal and 13 for fetal indications).
Peripartum Management
At our institution, the joint policy of the obstetric medicine, obstetric, and endocrinology departments is to recommend an intravenous neutral insulin (Actrapid)/dextrose infusion (Supplementary Data, protocol) once a woman is in established labor or has ceased oral intake prior to caesarean section. The insulin infusion is ceased at delivery, although the dextrose is often continued until oral intake resumes. An intravenous insulin infusion was used in almost 95% of all patients and ceased at delivery in 76% ( Table 2 ). All patients on CSII were changed to an intravenous infusion prior to delivery and the CSII was ceased. The timing of first oral intake was recorded. The dextrose infusion was ceased once oral intake was tolerated in ;60% of women. However, the timing of cessation of the dextrose infusion was not recorded in the remainder. The duration of labor was not recorded, as some women presented to the hospital in active labor. However, the timing of insulin administration (both antepartum and postpartum) was recorded.
The reintroduction of insulin in most women was based on BGL $8.0 mmol/L (n = 24), or, less commonly, $10 mmol/L (n = 9). In the remaining women, the BGL prompting the recommencement of insulin was not stated. In the postpartum period, the first BGL reading of $8.0 mmol/L occurred an average of 9.9 h (range 1-55, SD 11.3) after delivery. The average time to first oral intake after delivery was 7.4 h (SD 4.3). There was no correlation between time to first oral intake and time to first BGL . From delivery until discharge, most patients had unstable glycemic control. On average, patients had two episodes of hyperglycemia daily (BGL $10 mmol/L) (mean 1.8, SD 1.2) and one hypoglycemic episode (BGL ,3.5 mmol/L) every 2nd day (mean 0.5, SD 0.6). The average duration of postpartum monitoring was 95.1 h (SD 27.7).
Apparent Transient Insulin Independence
At this institution, there was no defined policy concerning the management of women on a CSII after delivery. In the three women on a CSII, the pump was immediately recommenced on cessation of intravenous insulin (within 48 h of delivery, zero time without insulin). The transition from intravenous insulin to CSII occurred once the patient was tolerating a normal diet. In all patients, insulin was required for glycemic control.
Twelve (33%) women on MDI required insulin within 4 h of delivery (see Supplementary Fig. 1 ). However the longest period without insulin was 28 h. There was variability in the timing of last dose of insulin prior to delivery (Table  2 ). There were no differences in the prepregnancy, pregnancy, or delivery characteristics of the women with an early compared with late requirement for insulin postpartum. The characteristics of the four patients who did not require insulin for the first 12 h postpartum are shown in Supplementary Table 3 . Univariate regression analyses showed that a shorter time to first requirement of insulin postpartum significantly correlated with a higher BMI at term (P = 0.005), lower creatinine at term (P = 0.026), longer time from last dose of long-or intermediate-acting insulin (prior to delivery) (P = 0.026), discontinuation of an insulin infusion postpartum (P , 0.001), and greater number of BGLs .10 mmol/L postpartum (P = 0.013) ( Table 3) . Table 4 shows the relationship between glucose levels and dose of insulin.
Relative to the prepregnancy insulin requirement, the total daily dose of insulin recommenced was lower in 25 (69.4%), equal in 5 (13.9%), and greater in 6 (16.7%) women. There was significant variability in the dose prescribed according to the specialty background of the prescriber (see Supplementary Fig. 2 ). Physicians and physician trainees prescribed insulin doses less than or equal to the prepregnancy requirement. In contrast, 
Breast-feeding
Thirty-two women (88.9%) attempted to breast-feed. In 15 women (46.9%), it was documented that advice regarding the risk of hypoglycemia was provided by a medical practitioner or lactation consultant. Given the small percentage of women who commenced artificial feeding compared with those attempting breast-feeding, comparisons of the characteristics of these women and the glycemic behavior were not performed.
CONCLUSIONS
In this retrospective study, we presented our peripartum management of women with type 1 diabetes at our institution and described their glycemic control immediately postpartum. We found that the duration of apparent transient insulin independence postpartum inversely correlated with time from the last dose of intermediateor long-acting insulin and the continuation of an insulin infusion postpartum. More out-of-range BGLs and episodes of hypoglycemia were observed in patients recommenced on higher doses of insulin compared with those recommenced at 50-60% of the prepregnancy dose.
Prior studies concerning peripartum glycemic control have focused on neonatal outcomes. Good glycemic control during delivery minimizes neonatal hypoglycemia (1-5) and possible long-term neurological sequelae (6, 7) . Hence, since the first report of an insulin infusion in labor (8), this has become the mainstay of management (9,10) to achieve good glycemic control in labor (2, 3, (11) (12) (13) (14) . In our study, 95% of women were managed with an insulin infusion. Other approaches include subcutaneous insulin sliding scale (9, (15) (16) (17) , rotating fluids (9,18), or fixed dose of an intermediate insulin (19, 20) . Similar glycemic control has been reported with these regimens. Notably, up to 50% of women may not require insulin during induction (21) , although these data were not corrected for time from last dose of insulin prior to delivery.
During active labor, insulin requirements decrease, along with an increased need for glucose (16, 22, 23) . The latter is driven by an increase in glucose utilization and metabolic clearance (24, 25) . At delivery, expulsion of the feto-placental unit abruptly reduces the maternal serum concentration of hormones mediating insulin resistance. This improves maternal insulin sensitivity, decreases insulin requirements, and increases the risk of hypoglycemia (8, 12, 15, 20, 26) . Consequently, a glucose infusion is often advised postpartum (4, 12, 17, 19, 20) . At delivery, the insulin infusion is usually ceased (4, 11, 21, 22) or decreased (2, 8, 13, 27) until the patient has sufficient oral intake or significant hyperglycemia or ketosis occurs. At our institution, the insulin infusion was ceased at delivery in ;75% of cases with continuation of dextrose only. The timing of cessation of the dextrose infusion was recorded in only 60% of cases, thereby precluding analysis of the data.
In women undergoing an elective caesarean section, 25-50% of the dose of long-or intermediate-acting insulin is recommended, usually to be administered the evening before delivery (28) .
Apparent Transient Insulin Independence
Anecdotally, women can have a period of apparent transient insulin independence lasting 24-72 h (12). In our study, two women did not require insulin for at least 24 h after delivery. Insulin independence postpartum has only been documented in two prior studies. In the first by Caplan et al. (11), 5 of 23 patients did not require additional insulin on the day of delivery. On the following 2 days, 80% of women required less than their prepregnancy dose. Information concerning prior doses of insulin, breast-feeding, or the timing of insulin recommencement was not provided in this study.
Lean et al. (13) showed a mean time to recommencement of insulin of 2.4 h (1-8 h) after vaginal delivery and 15.5 h (6-35 h) after caesarean section. Information regarding timing and magnitude of prior doses of insulin, peripartum management, and breastfeeding was not provided. It is also unclear if the caesarean section group included women who initially labored. The metabolic demands of this group differ from those undergoing an elective caesarean section. For the regression analyses, we identified three groups: vaginal delivery and caesarean section with and without prior labor. Mode of delivery did not correlate with the time to first requirement of insulin postpartum. Of note, women in this previous study were not managed with modern insulin analogs (13) .
Postpartum insulin requirements could be influenced by changes in the duration of physiological action of exogenous insulin or changes in endogenous insulin production. The pharmacokinetic profile of insulin is affected by the dose, In our study, the duration of glucose infusion, levels of counterregulatory hormones, and residual endogenous insulin production were not assessed. The studies concerning increased endogenous insulin production in type 1 diabetes during pregnancy are discordant (33) (34) (35) . As such, the effect of residual or increased b-cell function on peripartum insulin requirements warrants further consideration.
Another potential limitation of our study is the use of various insulin preparations. Most women were treated with insulin glargine; however, the long-and intermediate-acting insulin group also included insulin detemir and isophane insulin. The pharmacokinetic and pharmocodynamic properties differ, including the effect of renal impairment. Insulin detemir shows no change with renal impairment (36) . The numbers of women on insulin detemir were too small for separate analysis. The effect of renal impairment on insulin glargine has not been assessed; however, dose reduction is recommended (37) . Renal impairment affects the action of insulin lispro and insulin regular (31) .
Recommencement of Insulin
We found considerable glucose variability postpartum with a trend to increased hypoglycemic episodes, especially after the recommencement of regular insulin. From delivery until discharge, ;94% of women had at least two BGLs ,3.5 or .10.0 mmol/L and 60% had at least one hypoglycemic episode. There was an association between increased dose of insulin and out-of-range BGLs with a particular risk of hypoglycemia.
Most authors suggest that insulin be recommenced at 25-50% of pregnancy dose (16, 17, 19, 24) or two-thirds of the prepregnancy dose at the first meal postdelivery (17) . A dose of 0.6 units/kg/day based on the postpartum weight has also been proposed (12) .
Other authors have used a sliding scale for short-acting insulin and commenced intermediate insulin based on postpartum weight or oral intake (4, 11, 22, 26) . These recommendations are based on experience rather than study data.
There is no policy at our institution regarding the dose of insulin to recommence postpartum. There are also no defined glycemic targets, although the primary aim is the avoidance of hypoglycemia postpartum, in accordance with guidelines published by the Australasian Diabetes in Pregnancy Society (38) . Similarly, there are no published international recommendations or data concerning postpartum glycemic targets and recommencement dose of insulin. A dose of 50-60% of the prepregnancy requirement gave the fewest number of out-of-range BGLs and the least number of hypoglycemic episodes. However, 30% of women were commenced on greater than or equal to the prepregnancy dose. This appeared to be associated with increased hypoglycemia and out-of-range BGLs. In our center, larger doses of insulin were generally prescribed by clinicians who care for nonpregnant women with type 1 diabetes less frequently. There was a statistically significant relationship between the health care provider and dose of insulin prescribed and risk of hypoglycemia. This finding needs to be replicated in other centers but points to the need for those familiar with the peripartum management of women with type 1 diabetes to be involved in the prescription of insulin to ensure that all clinicians are well educated regarding the management of these women.
Breast-feeding
It is generally believed that breastfeeding further lowers the requirement for insulin (12, 16) and increases the risk of hypoglycemia (12, 38, 39) . However, this is not uniformly accepted (24) . Some authors have documented a postpartum return to prepregnancy doses in 3-6 weeks, regardless of breast-feeding (17, 19, 28) . However, most women are advised to increase caloric intake by ;500 calories (17) or 2 kcal/kg/day (12).
In our study, the small numbers of women in the artificial feeding group precluded comparison with breastfeeding women. Reassessment of insulin requirements and risk of hypoglycemia during established breast-feeding is indicated.
In summary, we have described the peripartum management of women with type 1 diabetes at a tertiary center. Analysis of the glycemic behavior of these women suggests that changes in the pharmacodynamic profile of long-or intermediate-acting insulin may contribute to the period of apparent transient insulin independence observed in some women. The mechanism(s) underlying this change in duration of action is unknown. Finally, a dose of 50-60% of the prepregnancy requirement once insulin is recommenced in the postpartum period was associated with the lowest rate of hypoglycemia and glucose excursions. These results require validation in a larger, prospective study given that the clinical implications are significant.
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